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[57] ABSTRACT 
A thin ?lm thermal print head is fabricated using radio 
frequency (rf) or direct current (DC) sputtering within 
a vacuum chamber into which is introduced a partial 
pressure of argon and nitrogen. Without breaking the 
vacuum, three consecutive layers comprising respec 
tively tantalum nitride, gold, and tantalum nitride are 
sputter deposited and a diffusion barrier formed on a 
glazed substrate material. After these steps the desired 
land patterns are formed by photo lithographic tech 
niques and chemical etching and ?nally sealant and 
abrasion resistant coatings are applied. 

5 Claims, 2 Drawing Figures 
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METHOD OF MAKING A THIN FILM THERMAL - 
PRINT HEAD 

DESCRIPTION 
BACKGROUND OF THE INVENTION 

This invention relates to thermal print heads and 
more particularly to an improved thin ?lm thermal print 
head. 10 

Various prior art thermal print head devices are 
known including those made using thin ?lm fabricating 
techniques. Thin ?lm devices offer the advantage of 
small mass that permits both rapid temperature eleva 
tion and a short duration at the elevated temperature 15 
and accordingly thin ?lm devices are readily adaptable 
to the higher speed operation presently sought in the 
printing art. The thin ?lm techniques, however, are 
inherently costly and consequently any. device or tech 
nique that reduces the expense of fabrication as well as 
those procedures that result in an improved product are 
commercially important in rendering the devices so 
made competitively attractive with regard to those 
using other fabricating techniques and materials. 

SUMMARY OF THE INVENTION 1 25 

In the thin ?lm technique of the present invention a 
glazed ceramic substrate is placed in an evacuation 
chamber, the chamber evacuated and partial pressures 
of argon and nitrogen selectively introduced. During 
the single evacuation, without breaking the vacuum, 
three layers are applied to the glazed surface by rf or 
DC sputtering techniques and a diffusion barrier is 
formed. The ?rst layer is 250 to 1,000 angstroms of 
tantalum nitride. Following the deposition of this layer, 
processing is interrupted for a period of ten minutes to 
permit an oxy-nitride diffusion barrier to form at the 
surface of the tantalum nitride. Thereafter successive 
layers of a stable conductor (gold) and a bonding layer 
(tantalum nitride) to affect adhesion of subsequent coat 
ings to the gold are applied to the glazed substrate sur- 4'0 
face. Following the deposition of these three layers, a 
predetermined land pattern of conductors and thermal 
print resistive elements is formed using photo litho 
graphic and chemical etching techniques. After the 
selective etching of the three sputtered layers an abra- 45 
sion resistant coating is applied over the land pattern 
which may also be preceded by a sealant coating. These 
last coatings normally cover the entire surface with the 
exception of exposed conductor portions to be used as 
terminal connections. 50 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is an enlarged sectional representation of a 
module as formed by the present invention showing a 
section through a conductor and a thermal print looa- 55 
tion where the metalic conductor is interrupted. 
FIG. 2 is an enlarged plan view of a thermal print 

module in accordance with the present invention. 

DETAILED DESCRIPTION 60 

As shown in the sectional view of FIG. 1, the head 
structure includes a ceramic base or substrate 10 having 
a glazed surface 11. A tantalum nitride layer 12 is 
formed selectively on the glazed ceramic surface. A 
barrier layer of oxy-nitride overlies the tantalum nitride 65 
to prevent the diffusion of the gold 13 overlying the 
tantalum nitride 12 into such underlying tantalum ni 
tride layer. The gold layer 13 forms a pattern of highly 
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2 
conductive paths which are selectively interrupted to 
form the thermal printing resistance heating element 15 
where the current is required to flow through the 
highly resistive tantalum nitride between the ends 17 of 
the gold conductor material. The gold is sputtered onto 
the underlying tantalum nitride layer to a thickness of 
10,000 angstroms. Because gold is too passive to form a 
good bond with silicon dioxide, a second tantalum ni 
tride layer 20 is applied thereon to permit a better bond 
to be established with the subsequent protective abra 
sion resistant coatings. A protective coating is formed 
of a silicon dioxide layer 22 and a tantalum oxide layer 
24. These passivating and wear resistant coatings are 
not always stoichiometric. The silicon dioxide 22 pre 
vents oxidation of the tantalum nitride heating resistor 
15 which must be powered repeatedly to achieve a high 
temperature in excess of 200° celcius and typically in the 
range of 300° to 400° celcius during print operation. The 
?nal coating 24 of tantalum oxide affords abrasion resis 
tance as the circuit rubs directly against the heat sensi 
tive paper. 
The print head as shown in FIG. 2 is fabricated by 

placing the glazed ceramic substrate 10 in a vacuum 
chamber and applying tantalum nitride and gold layers 
by rf or DC diode bias sputtering. The vacuum chamber 
is evacuated to approximately 1><10-6 Torr back 
ground pressure. The atmosphere within the chamber is 
controlled to contain 1X 10-2 Torr argon and from 
lO-4 to 5><l0-4 Torr nitrogen with l><10—6 atmo 
sphere of residual gas. During the sputtering operation 
a bias of 50 to 200 volts is normally applied to the sub 
strate to avoid the incorporation of impurities. The two 
tantalum nitride layers and the gold layer are then sput 
tered without breaking vacuum. Argon and nitrogen 
are introduced during the sputtering of the tantalum 
nitride, but only argon is introduced while sputtering 
the gold layer. The ?rst sputtering step applies a 200 to 
1,000 angstrom coating of tantalum nitride following 
which there is a ten minute pause before sputtering the 
gold layer. During this pause an oxy-nitride diffusion 
barrier ?lm is developed at the surface of the tantalum 
nitride layer from the nitrogen content of the gas form 
ing the partial pressure and oxygen in the residual atmo 
sphere within the chamber. The diffusion barrier pre 
vents the subsequent gold layer from compromising 
resistive qualities of the underlying tantalum nitride and 
makes unnecessary the application of a nickel 
chromium alloy barrier layer by an additional fabrica 
tion step prior to the application of the gold conductor 
material. Thereafter a layer of gold having a thickness 
of 1,000 to 10,000 angstrom is sputtered onto the tanta~ 
lum nitride layer over the oxy-nitride diffusion barrier 
?lm and another tantalum nitride layer is rf or DC sput 
tered over the gold. Following these procedures the 
coated substrate is removed from the vacuum chamber. 

Using photo lithographic technology and chemical 
etching techniques the gold and tantalum nitride layers 
are selectively etched to form the desired land patterns 
on the substrate. All three layers are removed, as for 
example surfaces 25 of FIG. 2, to form the desired land 
patterns. In the terminal area de?ned by the bracket 27 
the upper tantalum nitride layer 20 is removed to expose 
metalic gold conductor to form terminals 29 for connec 
tion to leads extending off the substrate. In those areas 
where tantalum nitride resistors are to be active to form 
print elements 30 that effect the thermal printing, both 
the upper tantalum nitride layer 20 and the gold layer 13 
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are removed to cause a current ?ow through the lower 
tantalum nitride layer l2_between the interrupted ends 
17 of the metalic gold conductor. 
Following the selective etching to form the land 

pattern, the entire surface with the exception of the 
terminal area 27 is coated ?rst with silicon dioxide and 
thereafter with tantalum oxide. These ?nal coatings are 
applied by radio frequency sputtering since the dielec 
tric qualities of both the silicon dioxide and tantalum 
oxide preclude the use of DC sputtering. 
While a preferred embodiment of the invention has 

been illustrated and described, it is to be understood that 
various changes in form and details may be made 
therein without departing from the spirit and scope of 
the invention as de?ned in the appended claims. 
Having described our invention, what we claim as 

new and desire to secure by Letters Patent is: 
1. A method of forming a thermal printing device 

comprising placing a glazed ceramic substrate in a 
chamber; evacuating said chamber and thereafter intro 
ducing into said chamber a partial pressure of argon and 
nitrogen; sputtering a layer of tantalum nitride onto the 
glazed surface of said ceramic substrate; allowing said 
tantalum nitride coated glazed ceramic substrate to 
remain in said partial pressure of argon and nitrogen for 
a discrete period of time to permit an oxy-nitride diffu 
sion barrier to form at the surface of said tantalum ni 
tride; and applying a stable conductive material over 
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4 
the oxy-nitride ?lm by sputtering in said chamber with 
out opening said chamber to the atmosphere. . 

2. The method of forming a thermal printing device 
of claim 1 further comprising applying a layer of tanta 
lum nitride over said stable conductive material by 
sputtering without opening said chamber to the atmo 
sphere, whereby during a single evacuation of said 
chamber the tantalum nitride, diffusion barrier, stable 
conductive material and tantalum nitride layers respec 
tively are applied to said ceramic substrate. 

3. The method of forming a thermal printing device 
of claim 2 wherein said step of applying a stable conduc 
tive material comprises the sputtering of metallic gold 
over said oxy-nitride diffusion barrier. 

4. The method of forming a thermal printing device 
of claim 3 further comprising the steps of selectively 
etching said layer using photo lithographic techniques 
and chemical etching to form a predetermined land 
pattern including thermal print resistance elements and 
coating at least a portion of the land pattern with an 
abrasion resistant coating, said portion including said 
thermal print resistant element. _ 

5. The method of forming the thermal printing device 
of claim 4 wherein said coating step includes applying a 
?rst coating of sealing material and subsequently apply 
ing a second coating of abrasion resisting material. 
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